. (1976). British Journal of Preventive and Social Medicine, 30,[60][61][62][63][64][65] Maintenance of weight loss in obese subjects. The records of a selected group of 215 subjects who had successfully lost surplus weight were followed-up for periods of one to six years. Mean initial weight was 131% of standard (19-5 kg surplus) and the mean time taken to achieve 'goal weight' was 7 05 months (range two to 20 months) at a mean rate of 2 9 kg per month (range 1 *85 to 5 kg). Altogether 121 subjects (56 3%) maintained goal weights within ± 2 3 kg of goal; 79 subjects (36 7%) maintained within ± 4 5 kg. At the time of examination of the records, 39 subjects (18 * 8 %) had maintained constant weight for more than four years, 22 subjects (10 6%) for three to four years, 65 subjects (31 -4%) for two to three years, 58 subjects (28 * 5 %) for one to two years, and 23 subjects (11 * 1 %) for periods of up to one year.
The difficulties of losing surplus fat are well recognized but the difficulties of maintaining correct weight thereafter are even greater (Stunkard and McLaren-Hume, 1959; Durnin and Passmore, 1967) . We examined the records of 215 subjects who had lost weight successfully while being members of the Weightwatchers' Organization and who had maintained their goal weights for periods of up to five years. They were all members of the staff of Weight Watchers' Organization and so were a selected group whose interest and motivation were greater than average. Although they are not a representative group the pattern of weight loss may be of more general application.
Since obesity is usually defined as body weight 10% greater than standard, maintenance may be arbitrarily defined as constancy within ± 5% of standard weight.
SUBJECTS
There were 213 women and two men (mean age 40 8, range 23-68 years). Mean initial weight was 81*7 ± 14 1 kg SD, falling within the distribution shown in Fig. 1 . This was 19 -5 kg surplus or 131 % of standard weight for height, sex, and build (Society of Actuaries, 1959) with the distribution shown in Fig. 2 . DIET The recommended diet was based on controlled amounts of a wide variety of commonly-eaten foods, selected so as to supply all the nutritional requirements, despite the restricted energy intake. For men the daily energy intake was 1400-1600 kcal, which was approximately 65 %, 50%, and 40% of the daily recommended intakes for sedentary, moderately active, and active men respectively (Department of Health and Social Security, 1969 The same diet was recommended for all subjects, irrespective of initial weight and desirable weight, so the energy deficit varied with the individual. RESULTS TIME TAKEN TO REACH GOAL WEIGHT Goal weights were taken as the midpoint of the ranges given in the standard tables (Society of Actuaries, 1959) . The mean time taken to achieve goal weight for all subjects was 7 05 months + 3'69 SD; the mode was 3-85 months, range 2-20 months, with a single subject taking 27 months.
RATE OF Loss
Weekly records were kept, but to avoid possible fluctuations in weights caused by deviations from the advised food intake or temporary retention of water, the mean monthly weights were used in all calculations. Mean monthly rate of weight loss was 2 -9 kg + 1 09 SD, range 1I 85-5 kg per month.
There was a rapid loss of weight during the first, and occasionally during the second week. Table I shows that while the mean loss in the first week was 2 08 + 1 0 kg, 55 subjects (26%) lost more than 3 *5 kg and three subjects lost more than 5 kg. In the second week the mean loss was 1 * 26 kg and six subjects (2 9 %) lost more than 3 5 kg.
There was no correlation between the rate of loss during the first or second week or overall mean loss per month, and the amount of surplus weight or initial weight.
A 48-year-old man, 77 % in excess of goal weight (165 kg) lost 6*35 kg during the first week and 15-2 kg during the second week. After that the average loss was 2 4 kg a week for the 26 weeks taken to reach goal weight.
A 46-year-old woman, 100-5 % in excess of goal weight (156 kg) lost 9 1 kg during the first week and 2 *04 kg during the second week. After that the average loss was 1 -03 kg a week for the 76 weeks taken to reach goal.
A 44-year-old woman who was only 24 % in excess of goal weight behaved similarly. During the first week 5 * 0 kg was lost and during the second week 0 9 kg. After that the average loss was 0-69 kg per week for the 28 weeks taken to reach goal. As discussed early weight loss later, the greater part of this must have been fluid.
PATTERN OF WEIGHT CHANGE
In order to compare the pattern of weight loss among subjects losing weight at varying rates over differing periods of time, losses were calculated as percentage of excess weight. Graphs were then plotted of percentage of excess weight lost against percentage of time to achieve goal weight for each subject. These graphs were inspected and allocated to three groups, according to the pattern observed: (a) exponential or hyperbolic, (b) hyperbolic with one or more periods without weight loss (a 'plateau' on the weight loss curve), and (c) linear. Fig. 3 shows examples of each of these patterns. Of the 215 subjects, 70 (32 5 %) were classified as fitting the hyperbolic pattern, 74 (34 * 4 %) showed a hyperbolic pattern with plateau(x) and 17 (7 9 %) showed a linear pattern of weight loss. However, 54 subjects could not be assigned to any group, either because the graphs could not be interpreted unambiguously (22 subjects) or because the subjects had achieved goal weight within three months, and therefore presented too few points to plot reliably (32 subjects).
Since the points on the curves are monthly means of weekly weighings, a plateau was the result of failure to lose weight for at least eight successive weighings. In some subjects plateaux continued for 12 or 16 weeks or were repeated (Fig. 3) .
Mean initial body weight of the hyperbolic group was 27-0% above goal weight, which was significantly less than the mean excess weight of the plateau group at 40 8% above goal (P <0 00001), and also significantly less than the linear group, which was 3611% above goal (P <0 01). There was no difference between the mean excess weights of the plateau and linear groups (Table II) .
The rate of weigiit loss in the hyperbolic and linear groups (3 02 kg and 3 3 kg respectively) was significantly greater than the rate of loss in the plateau group (2-53 kg) per month (P <0 0002). At the time records were examined 23 subjects (11'1 %) of the 207 for whom the information was available had maintained goal weights for periods of up to one year, 58 subjects (28%) for one-two years, 65 subjects (31 4%) for two-three years, 22 subjects (10 6%) for three-four years, 32 subjects (15 4%) for four-five years, and seven subjects (3 4%) for five-six years. These periods were solely a reflection of the length of time the subjects had been members of the Weightwatchers' Organization.
Examples of maintenance for long periods (72 and 43 months), between narrow limits are shown in Figs 4A and B. The subject in Fig. 4A A. E. Bender and D. A. Bender weight for long periods several kilograms above their goal weights. In other instances, subjects maintained constant weight for long periods below their goal weights. For example, three subjects remained 3-6 kg above goal weight for periods of between 19 and 49 months; two subjects remained 3 * 6 kg below goal weight, one for 25 and the other for 26 months; five subjects varied in weight from goal to 5 5 kg below goal for periods of between 20 and 36 months. Since 185 subjects (86% of the total number) reached and maintained goal weights which were set at the single figure at the midpoint of the range given in the tables, it appears possible that those who plateaued above or below the arbitrary average goal had, in fact, reached their personal goal. For 19 subjects goal weights were changed on the advice of their medical practitioners. There is no standard on which to base an individual's correct weight, the only indication would appear to be a prolonged weight plateau. Such a plateau may not, however, reflect the 'correct' weight if the subject is making intensive efforts to maintain the given target. For example, the subject referred to in Fig. 4A who had maintained weight within 1 kg of goal for 72 months stated that this was the result of careful control of her diet.
RATE OF WEIGHT LOSS
The rate of weight loss, assuming a constant energy intake, is the result of several factors. Since a heavier individual uses more energy for movement (Bloom and Eidex, 1967) , the energy deficit becomes progressively smaller as weight is lost. At the same time, fat people are generally less active than thin ones (Bloom and Eidex, 1967) so that weight reduction may be accompanied by increased activity. In addition, the subject can adapt to an energy deficit by reducing the basal metabolic output (Bray, 1969) .
If the first of these effects predominates the weight curve would be hyperbolic; if the second predominates weight loss should approximate to a straight line; adaptation would lead to a plateau.
There is evidence in the literature for all three patterns of weight change; in the present series of observations some subjects fell into each of these three groups, but only a small number (7 9% of the sample) lost weight in linear fashion. Lyon and Dunlop (1932) showed that early weight losses tended to slow down and they quoted Luciana (1890) who suggested a parabolic formula. This was supported by the findings of Benedict (1915) . Young et al. (1955) observed a parabolic pattern of weight change in 60 subjects during a 24-week period.
On the other hand, Bortz (1968) predicted straightline weight losses and showed that 40 patients followed this prediction. He calculated that to maintain weight, each 11 * 3 kg (25 lb) excess weight required an extra 100 kcal so that the energy deficit would fall by only this amount for each 11 -3 kg of weight lost. Since this was supplied by 66 g (0 03 lb) of adipose tissue the author considered the change to be an insignificant deviation from a straight line. There are, however, two points on which to discount these figures. First, a discrepancy of 66 g per day amounts to approximately 0 * 5 kg in a month, so the weight change should be parabolic in the long term. Secondly, using the Food and Agriculture Organization's formula for daily energy expenditure of women (580 + 31 1 W), a difference of 11 3 kg in body weight amounts to approximately 350 kcal per day not 100 kcal.
The weight loss patterns suggest that the heavier subjects (plateau group) had greater difficulty in losing weight. There is no evidence that they adhered to the prescribed diet but if they did they had greater difficulty in losing weight, and if they did not, they apparently had greater difficulty in adhering to the diet. This group was significantly heavier initially with 40 8% surplus weight, than the hyperbolic group with 27% surplus, but not significantly heavier than the much smaller linear group with 36% surplus weight.
Initial weight loss was much greater than the average rate. Altogether 55 subjects (26 %) lost 3 5 kg during the first week compared with an overall average of 0 7 kg a week. One subject lost 21-5 kg in two weeks. This has frequently been observed and attributed to loss of fluid when carbohydrate intake is reduced, but which can be regained on isocaloric diets when carbohydrate intake is increased (Olesen and Quaade, 1960; Pilkington et al., 1960; Bloom and Azar, 1963) .
ADHERENCE TO DIET
Negative energy balance must, by definition, lead to loss of weight. The failing of most 'slimmers' is the failure to adhere to the recommended diet. Matsuki and Yoda (1971) stated that few of their 'successful' cases attained normal weight range and they attributed this to the prolonged effort needed and the lack of zeal of the subjects. Two of the factors involved are unattractiveness of the diet and lack of supervision, indeed, Matsuki and Yoda stated that it was a characteristic of obesity that weight increased when supervision
